RhoGDI stability is regulated by SUMOylation and ubiquitination via the AT1 receptor and participates in Ang II-induced smooth muscle proliferation and vascular remodeling.
The physiological role of Rho-specific guanine nucleotide dissociation inhibitor (RhoGDI) in vascular remodeling remains unknown. We investigated the function of RhoGDI in angiotensin II (Ang II)-induced vascular remodeling in cultured human aortic vascular smooth muscle cells (HA-VSMCs) and in an Ang II-infusion vascular remodeling mouse model. For in vitro assays of HA-VSMCs, proliferation was assessed by BrdU and EdU assays and immunofluorescence analysis of ki-67 expression. RhoGDI1 and RhoGDI2 function and expression were assessed by RNAi, Western blotting and real-time RT-PCR. RhoGDI ubiquitination and SUMOylation levels were evaluated by co-immunoprecipitation and Western blotting. The functions of proteosomal-mediated degradation, ubiquitination, SUMOylation and Ang II receptors were assessed using specific inhibitors. To evaluate the in vivo effects of Ang II and RhoGDI, H & E staining, Masson's trichrome staining, and immunostaining were employed. Ang II treatment of HA-VSMCs for 6 or 48 h promoted RhoGDI1 and RhoGDI2 protein degradation and reduced cell proliferation, which was reversed by proteosome inhibition. In contrast, treatment with Ang II for 12 or 24 h induced dose-dependent cell proliferation without affecting RhoGDI expression. RNA interference of either RhoGDI1 or RhoGDI2 blocked proliferation induced by 12 or 24 h treatment of Ang II. Moreover, Ang II-dependent degradation at 6 and 48 h correlated with RhoGDI ubiquitination and inversely correlated with RhoGDI SUMOylation and cell proliferation. Treatment with specific inhibitors suggests that ubiquitin and SUMO competitively bind to RhoGDI1 and RhoGDI2 to reciprocally regulate RhoGDI stability and HA-VSMC proliferation. Furthermore, inhibition of the Ang II receptor 1 (AT1 receptor), but not the Ang II receptor 2, blocked Ang II-dependent RhoGDI stabilization and proliferation at 12 and 24 h. In mice, Ang II infusion increased the intima-media thickness, collagen and myofiber production and VSMC proliferation, and these effects were shown to be dependent on RhoGDI1, RhoGDI2 and AT1 receptor. Ang II infusion exerted no significant effect on RhoGDI1 and RhoGDI2 protein levels, which were decreased after AT1 receptor inhibition. Together, the results of this study reveal a novel mechanism by which Ang II regulates RhoGDI stability by SUMOylation and ubiquitination via AT1 receptor activation and thus affects VSMC proliferation and vascular remodeling.